IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



re the application of: J. Don Chen 
Serial No.: 09/041,994 
Filed: March 13, 1998 

For: A Transcriptional Coactivator of Steroid/Nuclear 
Receptors and Uses Therefor 

Attorney Docket No.: UMG-026 (formerly UMM-026) 



Group Art Unit: 1646 
Examiner: M. Pak 



Assistant Commissioner For Patents 
Washington, D.C. 20231 



Certificate of First Class Mailing (37 C 
I hereby certify that this correspondence is being deposited 
class mail in an envelope addressed to: Assistant Commissionei 
date set forth below. 



It 



Date of Signature and of Mail Deposit 



By: 




ed States Postal Service as first 
Washingtoa, D.C. 20231 on the 




Debra J. Milasincic 
Reg. No. 46,931 
Attorney for Applicant 



DECLARATION UNDER 37 C.F.R. 1.132 BY 
DR. J. DON CHEN AND DR. HUI LI 



Dear Sir: 

We, Dr. J. Don Chen, a citizen of Taiwan, and Dr. Hui Li, a citizen of The People's 
Repblic of China, both residing in the United States, hereby declare as follows: 

1 . We are co-inventors of the subject matter described and claimed in the above- 
identified application. 



i 



Serial No.: 09/041,994 




-2- 




ArtUnit: 1646 



2. We are also co-authors with Paulo J. Gomes of an article entitled "RAC3, a 
steroid/nuclear receptor-associated coactivator that is related to SRC-1 and TIF2" which was 
published in Proc. Natl Acad Sci, USA, vol. 94:8479-8484 (1997), hereinafter, "Li et al." 

3. The work described by Li et al. is Applicants' own work. In addition, to the 
extent that the work described by Li et al. falls within the scope of the claims in the above- 
identified application, Paulo J. Gomes provided only technical assistance. 

We hereby declare that all statements made herein of our own knowledge are true and 
that all statements made on information and belief are believed to be true; and ftxrther that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 






Date 




RECEIVED 



APR 0 3 2001 
TECH CENTER 1600/2900 



% 



U 

c 
o 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re the application of: J. Don Chen et al. 
Serial No.: 09/041,994 
Filed: March 13, 1998 

For: A Transcriptional Coactivator of Steroid/Nuclear 
Receptors and Uses Therefor 

Attorney Docket No.: UMG-026 (formerly UMM-026) 



Group Art Unit: 1646 
Examiner: M. Pak 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Certificate of First Class Mailing (37 CFR 1.8(a)) 
I hereby certify that this correspondence is being deposited mtlTthe IJnited States Postal Service as first 
class mail in an envelope addressed to: Assistant Commission^ for Patepts, Washingt(^, D.C. 2i)231 on the 
date set forth below. 



Arc(^ ^1 Zoo! 

Ddte of Signature and of Iviail Deposit 



By: 




)ra J. Milasincic, Esq. 
Reg. No. 46,931 
Attorney for Applicant 



DECLARATION UNDER 37 C.F^R. L131 BY 
DR. J. DON CHEN AND DR. HUI LI 



Dear Sir: 

We, Dr. J. Don Chen, a citizen of Taiwan, and Dr. Hui Li, a citizen of The 
People's Repbhc of China, both residing in the United States, hereby declare as follows: 

1 . We are co-inventors of the subject matter described and claimed in the 
above-identified application. 



Serial No.: 09/041,99W - 2 - W Art Unit: 1646 



2. Prior to August 5, 1997, the invention described and claimed in the above- 
referenced application was completed in this country, as evidenced by the following: 

A. Prior to August 5, 1997, we, as co-inventors, isolated a full-length human RAC3 
cDNA, determined the nucleic acid sequence of the full-length RAC3 cDNA and 
derived the human RAC3 amino acid sequence from the RAC3 nucleic acid 
sequence. The biological activity of RAC3 as a steroid/nuclear receptor- 
associated coactivator was also determined. We described the full-length RAC3 
amino acid sequence and it's biological activity in a manuscript entitled "RAC3, a 
steroid/nuclear receptor-associated coactivator that is related to SRC-1 and TIF2", 
which was published in The Proceedings of the National Academy of Sciences, 
USA on August 5, 1997. Each of these events is evidenced by a copy of the 
above-described manuscript (Li et al (1997) Proc. Natl Acad. Sci. USA 94:8479- 
8484) which is attached hereto as Appendix A, pages A-1 to A-6. We also 
deposited the full-length RAC3 nucleic acid and amino acid sequences with the 
GenBank™ sequence database at the National Center for Biotechnology 
Information (NCBI) prior to August 5, 1997, as evidenced by the attached 
printout of Genbank™ Accession No. AFO 10227 (the RAC3 nucleic acid 
sequence) and AAC51663 (the RAC3 amino acid sequence). Copies of these 
GenBank^^* records are attached hereto as pages A-7 through A-9 and pages A- 10 
through A-1 1 of Appendix A. 

Thus, the manuscript and GenBank™ Accession Records submitted as pages A-1 
through A-1 1 of Appendix A demonstrate that we had successfully isolated, 
sequenced, characterized and described human RAC3 nucleic acid and protein 
molecules, prior to August 5, 1997. 
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ABSTRACT Steroids, thyroid hormones, vitamin D3, and 
retinoids are lipophilic small molecules that regulate diverse 
biological effects such as cell differentiation, development, 
and homeostasis. The actions of these hormones are mediated 
by steroid/nuclear receptors which function as ligand- 
dependent transcriptional regulators. Transcriptional activa- 
tion by ligand-bound receptors is a complex process requiring 
dissociation and recruitment of several additional cofactors. 
We report here the cloning and characterization of receptor- 
associated coactivator 3 (RAC3), a human transcriptional 
coactivator for steroid/nuclear receptors. RAC3 interacts 
with several liganded receptors through a mechanism which 
requires their respective ligand-dependent activation do- 
mains. RAC3 can activate transcription when tethered to a 
heterologous DNA-binding domain. Overexpression of RAC3 
enhances the ligand-dependent transcriptional activation by 
the receptors in mammalian cells. Sequence analysis reveals 
that RAC3 is related to steroid receptor coactivator 1 (SRC-1) 
and transcriptional intermediate factor 2 (TIF2), two of the 
most potent coactivators for steroid/ nuclear receptors. Thus, 
RAC3 is a member of a growing coactivator network that 
should be useful as a tool for understanding hormone action 
and as a target for developing new therapeutic agents that can 
block hormone-dependent neoplasia. 



Steroids, thyroid hormones, vitamin D3, and retinoids are 
fat-soluble small molecules that control cell differentiation, 
embryonic development, and homeostasis, as well as adult 
organ physiology (1, 2). The diverse biological effects of these 
molecules are mediated by a large superfamily of steroid/ 
nuclear hormone receptors which display substantial specific- 
ity in regulating gene expression (3-6). These receptors share 
a common domain structure, including an N-terminal DNA- 
binding domain (DBD), which binds to specific DNA se- 
quences, and a C-terminal ligand-binding domain (LBD), 
which binds to the cognate hormones. Retinofc acid receptors 
(RARs), thyroid hormone receptors (TRs), vitamin D3 recep- 
tor (VDR), peroxisomal proliferator-activated receptors 
(PPARs), and several other orphan receptors form het- 
erodimeric complexes with retinoid-X receptors (RXRs) (7, 
8). Such receptor heterodimers bind to a broad range of 
response elements, which are composed of two related half- 
sites and activate target gene expression (9). 

Transcriptional activation by steroid/nuclear receptors ap- 
parently involves at least two separate processes: derepression 
and activation (3). Repression is effected in part by association 
of unliganded receptors with nuclear receptor corepressor 
(N-CoR) and/or silencing mediator for R AR and TR (SMRT) 
(10, 11). Ligand binding triggers dissociation of these core- 
pressors and recruitment of coactivators (12). To date, several 
putative receptor-associated coactivators (RACs) have been 
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identified, including RIP-140 and RIP-160 (13, 14), ERAP- 
140 and ERAP-160 (15), TIFl (16), SRC-1 (17, 18), TRIPl/ 
SUGl (19, 20), ARA70 (21), TIF2 (22), and CBP/p300 (17, 23, 
24). Two of these potential coactivators, SRC-1 (steroid re- 
ceptor coactivator 1) and TIF2 (transcriptional intermediate 
factor 2), are related proteins which can enhance transcrip- 
tional activation by several steroid/nuclear receptors (18, 22, 
24, 25). 

Hormone binding is thought to induce conformational 
changes in the receptor and in turn, activate the C-terminal 
ligand-dependent activation function (AF-2) of the receptor 
(2). At the extreme C terminus of the AF-2 domain, about 20 
amino acids form an amphipathic helix (26). This helix is 
referred to as AF-2 activation domain (AF2-AD) (27), tC, or 
t4 domain (28, 29). Deletion and several point mutations of 
this domain abolish the AF-2 function (30-32), and it can act 
alone as an activation domain when fused to a heterologous 
DBD (31). Comparison of LBD crystal structures of the 
unliganded RXRa (26) with liganded R AR7 (27) and liganded 
TRa (33) reveals a striking difference in the relative position 
of the AF2-AD helix. It is proposed that, upon hormone 
binding, this helix rotates almost 180° and forms part of the 
hormone-binding surface. The hydrophobic residues of the 
helix face toward the ligand-binding cavity, while the charged 
residues extend into the solvent, possibly mediating protein- 
protein interactions with cofactors. AF2-AD also has been 
shown to be required for derepression by promoting dissoci- 
ation of corepressors (11, 28). These findings suggest a possible 
mechanistic link among hormone binding, transcriptional re- 
pression, and activation by steroid/nuclear receptors through 
the AF2-AD. 

To understand the molecular mechanisms of transcriptional 
regulation by steroid/nuclear receptors, we screened a human 
brain cDNA library for RAR-interacting partners by using the 
yeast two-hybrid system (34). We describe here the cloning and 
characterization of a novel RAC. RAC3 displays properties of 
a transcriptional coactivator, including the capacity for ligand- 
dependent interactions with the receptors and direct transcrip- 
tional activation. Interestingly, RAC3 is highly related to 
SRC-1 and TIF2, suggesting the existence of a family of 
transcriptional coactivators for steroid/nuclear receptors. The 
identification of these three related coactivators has provided 
new insights into the fundamental mechanisms of gene acti- 
vation by steroids/thyroid hormones, vitamin D3, and retin- 
oids. 



Abbreviations: SRC-1, steroid receptor coactivator 1; TIF2, transcrip- 
tional intermediate factor 2; RAC, receptor-associated coactivators; 
RAR, retinoic acid receptor; RXR, retinoid-X receptor; TR, thyroid 
hormone receptor; VDR, vitamin D3 receptor; PPAR, peroxisomal 
proliferator-activated receptor; PR, progesterone receptor; DBD, 
DNA-binding domain; LBD, ligand-binding domain; AF, activation 
function; AF2-AD, AF-2 activation domain; CBP, CREB-binding 
protein; h, human; m, murine; bHLH, basic helix-loop-helix; PAS, 
Per-AhR-Sim. 

Data deposition: The sequence reported in this paper has been 
deposited in the GenBank database (accession no. AF010227). 
*To whom reprint requests should be addressed, e-mail: J.Chen@ 
ummed.edu. 
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MATERIALS AND METHODS 

Yeast Two-Hybrid Screen. The plasmid vector pGBT- 
hRARa expressing Gal4 DBD fusion with full-length human 
RARa in yeast cells was constructed and used as bait for yeast 
two-hybrid screening. A human brain cDNA library in 
pGADlO vector (CLONTECH) was screened for RAR- 
interacting proteins in the absence of ligand as previously 
described (34). After primary selection on synthetic dropout 
plates lacking tryptophan, leucine, and histidine, but supple- 
mented with 50 mM 3-aminotriazole, we isolated 20 colonies, 
which were further tested for j3-galactosidase expression by 
using a liquid assay as described (35). The library plasmids 
from positive clones that expressed both HIS3 and LacZ 
reporters were rescued and retransformed into yeast cells, 
together with the original bait and other constructs, for testing 
the specificity of protein-protein interaction. These analyses 
led to a single specific clone, RAC3.1, which was selected for 
further analysis in this study. 

Transient Transfection Assay. Monkey kidney-derived 
CV-1 cells and human lung carcinoma A549 cells were grown 
in phenol red-free Dulbecco's modified Eagle's medium 
(DMEM) supplemented with 10% charcoal-stripped fetal 
bovine serum (GIBCO). One day before transfection, cells 
were seeded in 12-well plates at a density of 50,000 cells per 
well. A DNA mixture containing 0.5 /xg of expression vector, 
0.5 ^g of internal control plasmid pCMX-)3Gal, 1 fig of 
luciferase reporter, and L5 fxg of carrier DNA pGEM was 
prepared in a final volume of 30 jllI. The DNA solution was 
mixed dropwise with 1 vol of 0.5 M CaCh and 2 vol of 2X BBS 
[50 mM A/,A^-bis(2-hydroxyethyl)-2-aminoethanesulfonic acid 
(Bes; Calbiochem)/280 mM NaCl/1.5 mM Na2HP04, pH 
6.95]. DNA precipitates were allowed to form at room tem- 
perature for 10 min and applied evenly to the culture cells. 
Transfection was allowed to continue for 12 hr, and the 
precipitates were removed by washing transfected cells twice 
with phosphate-buffered saline (PBS). Transfected cells were 
re-fed fresh medium containing either vehicle alone or vehicle 
plus ligands and were harvested 24-36 hr after treatment. 

Luciferase and jS-Galactosidase Assay. Transfected cells in 
each well were lysed in 120 fi\ of cell lysis solution (35) and 
processed for luciferase and jS-galactosidase assay. Fifty mi- 
croliters of lysed cells was transferred into 96-well Microiite 
plates for luciferase assay and 96-well microtiter plates for 
)3-galactosidase assay as described (35). The luciferase activi- 
ties were determined with a MLX microtiter plate luminom- 
eter (E>ynex) using 100 jllI of assay solution (0.1 M potassium 
phosphate buffer at pH 7.8, 5 mM ATP, 10 mM MgCb) and 
100 /xl of luciferin solution (0.01 M D-luciferin in 0.1 M 
potassium phosphate, pH 7.8). The luciferase activities were 
normalized to the )3-galactosidase activity expressed from the 
cotransfected pCMX-)3Gal plasmid. 

Isolation and Construction of Full-Length RAO. The 
cDNA insert of RAC3.1 clone was labeled with [^^?]dAT? by 
DECAprime II DNA labeling kit (Ambion), and used to 
screen a Agtll HeLa cDNA library (CLONTECH). Three 
overlapping cDNA clones covering the full-length RAC3 
coding region were identified and their sequences were deter- 
mined by dideoxynucleotide sequencing using a T7 sequencing 
kit (Amersham). The sequence analysis and comparison were 
carried out with the GCG package. A full-length RAC3 
expression vector (pCMX.F.RAC3) was constructed in the 
pCMX expression vector (9), containing a FLAG and a 
hemagglutinin epitope linked to the N terminus of RAC3. 

RESULTS 

To understand the mechanisms of transcriptional regulation by 
steroid/nuclear hormone receptors, we screened a human 
brain cDNA library by the yeast two-hybrid system and iden- 



tified one specific RAR-interacting protein designated RAC3. 
In addition to RAR, RAC3 also interacted with RXR, VDR, 
PPAR, and TR, but not with COUP-TFI or nonreceptor 
proteins such as p53 and SNFl (Fig. 1). In the absence of 
ligand, RAC3 can interact with RAR and PPAR, and ligand 
treatment enhanced the RAR interaction by about 75% and 
PPAR interaction by about 10%. RAC3 also interacted with 
RXR, VDR, and TR, and these interactions were completely 
ligand dependent. These results suggest that RAC3 is a specific 
receptor-interacting protein which preferentially associates 
with ligand-bound nuclear receptors. 

The ligand dependency of the interactions of RAC3 with the 
receptors suggests that a ligand-induced conformational 
change can be important for mediating protein-protein inter- 
action with RAC3. Since the AF2-AD domain of the receptors 
is assumed to undergo a dramatic conformational change upon 
ligand binding (27), and since this domain is absolutely re- 
quired for ligand-dependent transcriptional activation (32), we 
tested three AF2-AD deletion mutants for their abilities to 
interact with RAC3 in the presence or absence of hormones. 
Truncation of the C-terminal AF2-AD domain of RAR at 
residue 403 created the dominant-negative mutant RAR403, 
which acts as a constitutive repressor in mammalian cells (30, 
36), but in yeast cells acted as a strong ligand-dependent 
transcriptional activator (Fig. 2). The mechanism underlying 
this difference between yeast and mammalian cells is unclear; 
however, a similar opposite activation effect by v-erbA in yeast 
cells was observed (37). Coexpression of RAR403 fusion with 
RAC3 did not further stimulate the reporter gene activity in 
either absence or presence of ligand, indicating that the 
interaction between intact RAR and RAC3 was abolished by 
deletion of AF2-AD. A similar conclusion was obtained by 
using mammalian culture cells (data not shown), in which a 
Gal4 DBD-RAR403 fusion did not activate transcription in 
response to ligand treatment (35). Truncation of the AF2-AD 
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Gal4AD-RAC3.1: - + - + - + - + - + - ++ + 
GaW DBD fusion: RAR RXR VDR PPAR TR COUP p53 SNF1 
Ligand: atRA 9cisRA VitD3 Wy T3 atRA atRA 

Fig. 1. RAC3 interacts with nuclear receptors. The protein- 
protein interactions between RAC3 and several steroid/nuclear re- 
ceptors were analyzed by the yeast two-hybrid system. The original 
yeast two-hybrid clone, R AC3. 1 in pGADlO vector, was retransformed 
together with yeast expression vectors for GaI4-DBD fusion of selected 
hormone receptors into Y190 cells. The receptors used include RAR 
(full-length hRARa), RXR (full-length hRXRa), VDR (LSD of 
hVDR), PPAR (LBD of mPPARa), TR (LBD of hTRjS), and COUP 
(LED of COUP-TFI) (h-, human; m-, murine). Three independent 
colonies from each transformation were selected and analyzed for 
expression of /3-galactosidase activity by liquid o-nitrophenyl )3-D- 
galactoside (ONPG) assay after treatment with 1 /xM corresponding 
ligands (filled bars), or with an equal concentration of vehicle alone 
(open bars). Under the conditions used in these experiments, ligand 
treatment did not produce detectable j3-galactosidase activity from the 
GaW DBD-receptor fusion alone. atRA, alUrans retinoic acid; VitD3, 
1,25-dihydroxyvitamin D3; Wy, Wy 14,642; T3, 3,5,3 '-triiodothyronine. 
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GaJ4 AD-RAC3.1: - + - + - + - + - + - + 
Gal4 OBD fusion: RAR RAR403 RXR RXR443 VOR VDR364 
Ugand: atRA 9dsRA vitD3 

Fig. 2. AF2-AD is required for interaction with RAC3. The 
indicated Gal4-AD fusion (RAC3.1) and GaI4-DBD fusion were 
cotransformed into yeast Y190 cells, and the /3-galactosidase activities 
from three independent colonies were determined. The yeast cells 
were treated with 1 ^iM indicated ligands (filled bars) or with an equal 
concentration of vehicle alone (open bars). RAR403: full-length 
hRARa truncated at amino acid 403; RXR443, full-length hRXRa 
truncated at amino acid 443; VDR364, LED of hVDR truncated at 
amino acid 364. 

of RXR (RXR443) and VDR ( VDR364), unlike that of RAR, 
did not create ligand-dependent transcriptional activators in 
yeast cells, while the abilities to interact with RAC3 were 
totally eliminated (Fig. 2). These results demonstrate that the 
AF2-ADS of RAR, RXR, and VDR are all absolutely required 
for interactions with R AC3; thus, RAC3 is an AF-2 dependent 
cofactor for nuclear receptors. 

The above results suggest RAC3 as one of the components 
of a transcriptionally active complex of liganded receptors. 
Therefore, we further tested whether RAC3 can directly 
stimulate transcription when recruited to a specific promoter 
by linking with a heterologous DBD. Transient transfection of 
a Gal4 DBD-RAC3 fusion into CV-1 cells resulted in strong 
stimulation of gene expression from a luciferase reporter 
containing five copies of Gal4-binding sites, but not from a 
parental reporter without the Gal4-binding sites (Fig. 3/4). The 
Gal4 DBD alone did not activate the reporter, while a Gal4 
DBD fusion of VP16 activation domain strongly stimulated 
reporter gene expression. Similar experiments in yeast cells 
also demonstrated a RAC3-dependent transcription stimula- 
tion from a lacZ reporter in this organism (Fig. W). Thus, 
RAC3 itself contains a transcriptional activation domain func- 
tional in both mammalian and yeast cells. 

Sequence analysis revealed that the yeast two-hybrid clone 
RAC3.1 encodes a polypeptide of 804 amino acids (Fig. 44, in 
between arrows). Database search revealed a weak similarity 
of this polypeptide to the central domains of two recently 
identified steroid receptor coactivators, SRC-1 (17, 18, 38) and 
TIF2/GRIP1 (22, 39, 40). Full-length RAC3 cDNA was 
cloned and the nucleotide sequences were determined. The 
deduced amino acid sequences indicated that RAC3 is a 
154.4-kDa protein containing 1417 residues (Fig. 4^4). Se- 
quence alignment of full-length RAC3, TIF2 (22), and human 
SRC-1 (38) revealed a striking homology at the N-terminal 
region of about 350 amino acids (Fig. 45). This region contains 
a potential basic helix-loop-helix (bHLH) domain similar to 
many transcriptional regulators (41), and two Per-AhR-Sim 
(PAS) domains found in several nuclear proteins, including 
Period (Per), aryl hydrocarbon receptor (AhR) and its het- 
erodimeric partner ARNT, the Single Minded protein (Sim), 
and the hypoxia-inducible factor HIFla (42). Sequence com- 
parison among these bHLH-PAS-containing proteins revealed 
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GaW DBD fusion: - RAC3.1 VP16 - RAC3.1 VP16 . RAC3.1 

Reporter QaM-tic-Luc tk-Luc 

Fig. 3. RAC3 contains a transcriptional activation domain. The 
ability of RAC3 to stimulate transcription was tested in both mam- 
malian and yeast ceils. {A ) Mammalian cells. The GaW DBD alone ( - ) 
or its fusion with RAC3.1 or VP16 activation domain was expressed 
in CV-1 cells together with a luciferase reporter containing five copies 
of Gal4-binding sites (Gal4-tk-Luc) or the parental vector without 
Gal4-binding sites (tk-Luc). The relative luciferase activities are 
averages of three independent transfections normalized to ^- 
galactosidase activity. {B) Yeast cells. Three independent colonies 
expressing Gal4 DBD fusion of RAC3.1 in Y190 cells were analyzed 
for their ^-galactosidase activities. The average /3-galactosidase units 
with standard deviation are shown. The control experiment (-) is 
/3-galactosidase activity of Y190 cells transformed with Gal4 DBD 
alone. 

that RAC3, TIF2, and SRC-1 share a higher degree of 
similarity than the other proteins (Fig. 45), suggesting these 
three receptor-associated coactivators constitute a unique 
bHLH-PAS family. 

Within the RAC3.1 encoding region (amino acid residues 
401-1024), we identified six specific motifs sharing a consensus 
sequence of LXXLL or LLXXL (Fig. A A). These motifs and 
their neighboring residues are highly charged and well con- 
served among RAC3, TIF2, and SRC-1 (Fig. 4C, i to vi). 
Secondary structure prediction suggests that all these regions 
have the potential of forming helices, especially motifs iv, v, 
and vi. Because both transcriptional activation and receptor- 
interaction activities of RAC3 are located within the RAC3.1 
fragment, it is possible that these conserved motifs may play a 
role in these functions. In addition, a similar motif was found 
at the C terminus of SRC-1, located within the originally 
identified receptor-interacting domain (Fig. 4C, vii) (18). At 
the C-terminal domain of RAC3, a glutamine-rich (Q-rich) 
domain was identified (Fig. 4^4). This Q-rich domain is also 
conserved among RAC3, TIF2, and SRC-1 and, interestingly, 
a stretch of 26 consecutive glutamine residues was found only 
in RAC3. A schematic domain structure comparison among 
these three related proteins is shown in Fig. 4D. 

The ability of RAC3 to physically interact with liganded 
receptors in an AF-2-dependent manner and to directly stim- 
ulate transcription when recruited to a heterologous promoter, 
together with its sequence similarity to two of the most potent 
receptor coactivators, are properties which strongly suggest 
that RAC3 functions as a receptor-associated coactivator. To 
demonstrate the coactivator function of R AC3, we transiently 
transfected a mammalian expression vector for full-length 
RAC3 into human lung carcinoma A549 and/or monkey 
kidney CV-1 cells. Overexpression of RAC3 enhanced the 
ligand-dependent transcriptional activation by Gal4 DBD- 
RAR fusion on a Gal4-dependent luciferase reporter in A549 
cells (Fig. 5^), as well as in CV-1 but not in HeLa cells, which 
express a high level of RAC3 (data not shown). We also tested 
the effect of overexpression of RAC3 on the transcriptional 
activation by the human progesterone receptor (hPRn) and 
found that RAC3 also enhanced transcription by wild-type 
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MSGLGENLDP LASDS tRKRKL PCDTPGOGLT CSGEKRRREQ ESKYIEELAEI 
[LISANLSDID NFHVKPPKCA ILKETVRQIR QIKEto GKTIS NDDDVQKADV 

PAS 'A' domain 1 , 

SSTGQGVIDK DSLGPLLLQA UDGPLPWNR EANIVFV SEH VTOYLOYKOEI 
[DLVNTSVYNI LHSEDRKDPL KNLPKSTVNgI VSWTNEPQRQ KSHTFNCRML 
MKTPHDILED INASPEMRQR YETMQCFALS QPRAHMEEGE DLQSCMICVA 

PAg'B'tfomatn 

RRITTGERTF PSNPES lFITR HDLSGKVVHI DTNSLRSSMR PGFEDIIRRd 

llQRPFSLNPG QSW5QKRHY0 EAYLNGHAI ET PVYRFSLADG TIVTAQTKSK 

LFRNPVTNDR KGPVSTHPLQ REQNGYRPNP NPVGQCIRPP MAGCNSSVGG 
r*- RAC3.1 

MSMSPNQGLQ MPSSRAYGLA DPSTTGQMSG ARYGGSSHIA SLTPGPGMQS 

PSSYQNWMYG LNMSSPPHGS PGLAPNQQNI MISPRNRGSP KIASHQFSPV 

AGVHSPHASS GNTGNHSPSS SSLSALQAIS EGVGTSLLST LSSPGPKLDW 

SPNMNITQPS KVSHQDSKSP LGFYCDQNPV ESSMCQSNSR DHLSDKESKE 
I 



SSVEGAENOR GPLESKGHKK ILLOLl/ TCSSP DRGHSSLTNS PLDSSCKESS 

ii 

VSVT3PSGVS SSTSGGVSST SNMHGSLLQE KHR tlLHKLLb MGNSPAEVAK 

(H , 

ITAEATGKDT SSITSCGDGN WKQEQLSPK KKEHHA ElRY LU DRDDPSDA 
LSKELQPQVE GVDNKMSQCT SSTIPSSSQE KDPKIKTETS EEGSGDLDNL 



OA HLGDU TSS DFYNNSISSN GSHLGTKQQV PQGTNSLGLK SSQSVQSIRP 

PYNRAVSLDS PVSVGSSPPV KNISAFPMLP KQPMLGGKPR MMDSQENYGS 

SMGGPNRNVT VTQTPSSGDW GLPKSKAGRH EPMNSNSMGR PGGDYNTSLP 

RPALGGSIPT LPLRSNSIPG ARPVLQQQQQ MLQMRPGEIP MGMGAMPYGQ 

AAASNQLGSW PDGMLSHEQV SHGTQNRPLL RN5LDDLVGP PSNLEGQSDE 

RA iLLDOU HTL LSNTDATGLE EIDRALG ^PE LVt tJQGOALEP KQDAPQGQEA 

AVMMDQKAGL YGQTYPAQGP PMQGGFHLQG QSPSFNSMMN QHNQQGNFPL 
Q-rich domain 

QGMHPHANIM RPRTNTPK QL RMQLQQRLQG QQPLNOSROA LELKMEHPTA 

GGAAVMRPHM QPQQGPLMAQ MVAQRSRELL SHHPRQQRVA MMMQQQQQQQ 

QQQQQQQQQQ QQQQQQQQQT QAFSPPPNVT ASPSMDGLLA GPTMPQAPPQ 

QPPYQPNYGH GQQ PDPAFGR VSSPPNAMHS SRMGPSQNPM MQHPQAASIY 

QSSEMKGWPS GNLARNSSFS QQOFAHQGNP AVYSMVHMNG SSGHMGOMNM 

NPMPMSGMPM CPDQKYC* 
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Fig, 4, RAC3 is related to SRC-1 and TIF2. (A) Deduced amino acid sequences of full-length RAC3. The regions corresponding to the basic 
helix-loop- helix (bHLH) and Per-AhR-Sim (PAS "A" and "B") domains are shown in boxes. The C-terminal glutamine-rich (Q-rich) domain is 
underlined. Six LXXLLor LLXXL motifs (i to vi) at the central region are shown in boxes. (L indicates hydrophobic residues including leucine, isoleucine, 
and valine). The starting and ending amino acids encoded by the two-hybrid clone RAC3.1 are shown within arrows. (B) Comparison of the bHLH and 
PAS domains of R AC3 with TIF2, SRC-1, and other bHLH-PAS domain proteins. The white letters are conserved residues determined when more than 
half of residues in all sequences are similar. (C) Sequence alignment of the LXXLL motifs. The starting and ending amino acids are shown at right in 
parentheses. The first six motifs are surrounded by highly charged residues, and motifs ii, iv, v, and vi were predicted to form a-helical structures. (D) 
Schematic diagram of the domain structures of full-length human RAC3, TIF2, and SRC-1. The starting and ending residues of indicated domains are 
shown. The domains encoded by RAC3.1, TIF2.1, GRIPl, and SRC-1(.8) clones are indicated (arrows). The RAR-binding and p300-binding domains 
defined in mSRC-1 are also indicated. The numbers at the right are the length of individual proteins and the percentage similarity. The pairwise similarities 
were calculated to be 65% between RAC3 and TIF2, 64% between TIF2 and SRCI, and 59% between RAC3 and SRCI. 



hPRe from a natural mouse mammary tumor virus long observed with full-length human SRC-1 under the test condi- 
terminal repeat (MMTV-LTR) promoter, close to the effect tions (Fig. 5B). These results demonstrate that RAC3 is 
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Fig. 5. RAC3 enhances transcriptional activation by steroid/ 
nuclear receptors. (.4) The pCMX-F.RACB construct expressing 
fulMength RAC3 was transfected into A549 cells together with a 
construct expressing Gal4-DBD fusion of the LBD of hRARa (Gal- 
RAR) and a Gal4-tk-Luc reporter. The relative luciferase activities are 
averages from three independent experiments after normalization to 
j3-galactosidase activity used as internal controls for transfection 
efficiency. Transfected cells were treated with vehicle alone (-) or 
with 100 nM of all-/raAij-retinoic acid for 24 hr after transfection. 
Ove rex press ion of RAC3 does not have an effect on the luciferase 
reporter lacking Gal4-binding sites (not shown). (B) RAC3 enhances 
transcriptional activation by PR on MMTV-LTR promoter. Trans- 
fected cells were treated with or without 100 nM progesterone in the 
presence or absence of coexpressed RAC3 or SRC-1 in CV-1 cells. 

capable of enhancing transcriptional activation by liganded 
receptors in mammalian cells, suggesting that RAC3 is indeed 
a bona fide transcriptional coactivator for steroid/nuclear 
hormone receptors. 

DISCUSSION 

We identified RAC3 as a nuclear receptor-interacting protein 
on the basis of its ability to interact with RAR in a yeast 
two-hybrid screen. Several lines of evidence support the po- 
sition that RAC3 is a transcriptional coactivator for steroid/ 
nuclear hormone receptors. First, we showed that RAC3 
interacts with ligand-activated receptors. Second, we demon- 
strated that the ligand-dependent interaction with RAC3 
requires an intact AF2-AD on the receptor. Third, we found 
that RAC3 itself contains a transcriptional activation domain. 
Finally, we demonstrated that overexpression of RAC3 en- 
hances ligand-stimulated transcriptional activation by the re- 
ceptors. In summary, the biochemical properties of RAC3, 
together with its sequence similarity to SRC-1 and TIF2, 
identify this protein as a distinct third member of the RAC 
gene family. 

At least two distinct activation functional domains (i.e., 
AF-1 and AF-2) have been identified in steroid/nuclear hor- 
mone receptors (43). The N-terminal AF-1 domain is consti- 
tutively active and its activity is not regulated by hormone. In 
contrast, the activity of the C-terminal AF-2 domain depends 
on ligand binding. The exact role of the C-terminal AF2-AD 
helix in recruitment of coactivators is unclear. It is known that 
the AF2-AD alone is not sufficient for interaction with RAC3 
or other coactivators (unpublished data), indicating that other 
regions of the LBD are also required for recruitment of 
coactivators. Consistent with this hypothesis, several other 
activation motifs throughout the LBD of TR have been 
reported (28). Alternatively, the AF2-AD domain may simply 
stabilize ligand binding by forming part of the contacting 
surface for ligands (27, 33), which in turn induces additional 



conformational changes that allow association with coactiva- 
tors. 

RAC3 domains responsible for receptor interaction and 
transcriptional activation remain to be determined. Our data 
indicated that both domains are located within the central 
region of RAC3. The receptor-interacting domain of TIF2/ 
GRIPl has also been located to the central domains (22, 39), 
while a receptor-interacting domain of SRC-1 was originally 
found at the C terminus (18). Analysis of the murine SRC-1 
has revealed an additional R AR-interacting domain located at 
the central region (44), where three of the six conserved 
LXXLL motifs were found. We have confirmed that the 
N-terminal 782 amino acids of human SRC-1, as well as the 
C-terminal SRC-1 fragment (amino acids 1245-1440), can 
interact with several steroid/nuclear hormone receptors in a 
ligand-dependent manner (unpublished results). However, the 
C-terminal domain of RAC3 (amino acids 1017-1417), which 
does not contain any LXXLL motif, cannot interact with 
liganded receptors (unpublished data). Similar motifs were 
also found in other potential nuclear receptor coactivators 
such as RIP-140 (13) and CREB-binding protein (CBP)/p300 
(45, 46). These results are consistent with the model that these 
conserved regions are important for interaction with liganded 
receptors. Additional domain mapping and mutagenesis ex- 
periments should provide further insights into the mechanism 
of receptor-coactivator interaction. Whether or not some of 
these conserved motifs are involved in transcriptional activa- 
tion is also unknown. It is noted that three of these LXXLL 
motifs are located within the p300-binding domain in mSRC-1 
(44); thus, it is possible that these motifs may serve to recruit 
p300 and/or the basal transcriptional apparatus. 

The high degree of sequence conservation within the 
bHLH-PAS region among RAC3, TIF2, and SRC-1, as com- 
pared with other bHLH-PAS proteins, indicates that these 
three coactivators belong to a distinct family. Intriguingly, the 
bHLH-PAS domain is dispensable for coactivator functions, 
including receptor interaction, transcriptional activation, and 
coactivation (18, 39, 40, 44). The bHLH domain of several 
transcriptional regulators has been shown to function as a 
distinct DNA-binding and dimerization motif (42, 47). 
Whether the bHLH domain in RAC3 and in TIF2 and SRC-1 
can mediate protein-protein or protein-DNA interactions is 
currently unclear. The PAS domains have been shown to be 
involved in protein-protein interaction in ARNT and its 
heterodimeric partners (48); however, its role in receptor 
coactivators is unclear. 

SRC-1 has been shown to enhance transcriptional activation 
by several steroid/nuclear hormone receptors, including PR, 
growth hormone receptor (GR), estrogen receptor (ER), TR, 
PPAR, and RXR (18, 25, 49), and it can function synergistically 
with the common coactivator CBP/p300 (17, 24, 44). It has 
been proposed that SRC-1 can stabilize a functional interac- 
tion between AF-1 and AF-2 of the ER (25). TIF2/GRIP1 has 
also been shown to enhance transcriptional activities of several 
steroid/nuclear receptors (22, 40). Our results demonstrated 
that RAC3 can at least enhance transcriptional activation by 
RAR and PR. However, it is not clear why we observed only 
a 2-fold enhancement in both cases by RAC3, while a much 
higher level of enhancement was observed previously by 
SRC-1 (18). We reason that this might be due the fact that, in 
our experiments, an initial 175-fold induction was obtained in 
PR by hormone treatment in the absence of cotransfected 
RAC3 or SRC-1, which is in contrast to a 5-fold initial 
enhancement in an earlier report (18). Therefore, a saturation 
effect might have limited our ability to detect high level of 
enhancement. Furthermore, in these experiments we used an 
SRC-1 cDNA clone that contains the N-terminal bHLH-PAS 
domain, while in the earlier report a variant of SRC-1 lacking 
the bHLH-PAS domain was used. By direct comparison be- 
tween RAC3 and SRC-1, it is clear that RAC3 has a similar 
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degree of coactivation function like SRC-1 in CV-1 cells under 
our assay conditions. Further analysis of the effect of RAC3 on 
transcriptional activation by other steroid/nuclear receptors 
and a direct comparison with SRC-1 and TIF2 will be neces- 
sary to understand how these three related proteins work 
together to regulate gene activation by hormone receptors. 

Note Added in Proof. While this paper was in press, Torchia et al (50) 
reported a CBP-interacting protein (p/CIP, GenBank accession no. 
AF000581) which is essential for transcriptional activation by steroid/ 
nuclear receptors as well as by other CBP-dependent transcription 
factors. RAC3/pCIP shares about 78% identity, including a highly 
diverged C-terminal 103 amino acids, suggesting that p/CIP is an 
alternatively spliced form of the murine homologue of RAC3. In the 
same issue of Nature, Heery et al. (51) reported that the first three 
conserved LXXLL motifs (motifs i, ii, and iii) in SRC-1 are essential 
and sufficient to mediate protein-protein interactions with liganded 
receptors. 
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LHEEDRKDFLKNLPKSTVNGVSWTNETQRQKSHTFNCRMLMKTPHDILEDINASPEMR 
QRYETMQCFALSQPRAMMEEGEDLQSCMICVARRITTGERTFPSNPESFITRHDLSGK 
VVNIDTNSLRSSMRPGFEDIIRRCIQRFFSLNDGQSWSQKRHYQEAYLNGHAETPVYR 
FSLADGTIVTAQTKSKLFRNPVTNDRHGFVSTHFLQREQNGYRPNPNPVGQGIRPPMA 
GCNSSVGGMSMSPNQGLQMPSSRAYGLADPSTTGQMSGARYGGSSNIASLTPGPGMQS 
PSSYQNNNYGLNMSSPPHGSPGLAPNQQNIMISPRNRGSPKIASHQFSPVAGVHSPMA 
SSGNTGNHSFSSSSLSALQAISEGVGTSLLSTLSSPGPKLDNSPNMNITQPSKVSNQD 
SKSPLGFYCDQNPVESSMCQSNSRDHLSDKESKESSVEGAENQRGPLESKGHKKLLQL 
LTCSSDDRGHSSLTNSPLDSSCKESSVSVTSPSGVSSSTSGGVSSTSNMHGSLLQEKH 
RILHKLLQNGNSPAEVAKITAEATGKDTSSITSCGDGNVVKQEQLSPKKKENNALLRY 
LLDRDDPSDALSKELQPQVEGVDNKMSQCTSSTIPSSSQEKDPKIKTETSEEGSGDLD 
NLDAILGDLTSSDFYNNSISSNGSHLGTKQQVFQGTNSLGLKSSQSVQSIRPPYNRAV 
SLDSPVSVGSSPPVKNISAFPMLPKQPMLGGNPRMMDSQENYGSSMGGPNRNVTVTQT 
PSSGDWGLPNSKAGRMEPMNSNSMGRPGGDYNTSLPRPALGGSIPTLPLRSNSIPGAR 
PVLQQQQQMLQMRPGEIPMGMGANPYGQAAASNQLGSWPDGMLSMEQVSHGTQNRPLL 
RNSLDDLVGPPSNLEGQSDERALLDQLHTLLSNTDATGLEEIDRALGIPELVNQGQAL 
EPKQDAFQGQEAAVMMDQKAGLYGQTYPAQGPPMQGGFHLQGQSPSFNSMMNQMNQQG 
NFPLQGMHPRANIMRPRTNTPKQLRMQLQQRLQGQQFLNQSRQALELKMENPTAGGAA 
VMRPMMQPQQGFLNAQMVAQRSRELLSHHFRQQRVAMMMQQQQQQQQQQQQQQQQQQQ 
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BASE COUNT 1354 
ORIGIN 

1 gctggatggt 

61 agccagttgc 

121 cagtgattca 

181 tggtgaaaaa 

241 atctgccaat 

301 aaaggaaaca 

361 tgatgatgtt 

421 cttaggaccg 

481 aaacattgta 

541 ggttaacaca 

601 tttaccaaaa 

661 ccatacattt 

721 cgccagtcct 

781 acgagctatg 

841 cattactaca 

901 tctttcagga 

961 ctttgaagat 

1021 atggtcccag 

1081 atatcgattc 

1141 ccgaaatcct 

1201 acagaatgga 

1261 tggatgcaac 

1321 gagcagcagg 

1381 gtatgggggt 

1441 ttcctaccag 

1501 tcttgcccca 

1561 agcctcacat 

1621 tactgggaac 

1681 tgtggggact 

1741 caatatgaat 

1801 cttttattgc 

1861 cctcagtgac 

1921 tttggaaagc 

1981 gggtcattcc 

2041 tgtcaccagc 

2101 tatgcatggg 

2161 gaattcacca 

2221 tataacttct 

2281 ggagaataat 

2341 taaagaacta 

2401 caccattcct 

24 61 gggatctgga 

2521 ttacaataat 

2581 aggaactaat 

2641 taaccgagca 

2701 tatcagtgct 

2761 ggatagtcag 

2821 tcagactcct 

2881 tatgaattca 

2941 tgcactgggt 

3001 accagtattg 

3061 aatgggggct 

3121 tggcatgttg 

3181 ttccctggat 

3241 attattggac 

3301 tgacagagct 

3361 ggatgctttc 

3421 acagacatac 

3481 accatctttt 

3541 aatgcaccca 



QQQQQQQTQAFSPPPNVTASPSMDGLLAGPTMPQAPPQQFPYQPNYGMGQQPDPAFGR 
VSSPPNAMMSSRMGPSQNPMMQHPQAASIYQSSEMKGWPSGNLARNSSFSQQQFAHQG 
NPAVYSMVHMNGSSGHMGQMNMNPMPMSGMPMGPDQKYC" 
a 1048 c 1043 g 1050 t 



ggactcagag 
tgatgtatat 
cgaaaacgca 
cggagacggg 
cttagtgata 
gtaagacaga 
caaaaagccg 
cttttacttc 
tttgtatcag 
agtgtttaca 
tctacagtta 
aattgccgta 
gaaatgcgcc 
atggaggaag 
ggagaaagaa 
aaggttgtca 
ataatccgaa 
aaacgtcact 
tcgttggctg 
gtaacaaatg 
tatagaccaa 
agttcggtag 
gcctatggct 
tccagtaaca 
aacaacaact 
aaccagcaga 
cagttttctc 
cacagctttt 
tcccttttat 
attacccaac 
gaccaaaatc 
aaagaaagta 
aaaggtcata 
tccttgacca 
ccctctggag 
tcactgttac 
gctgaggtag 
tgtggggacg 
gcacttctta 
cagccccaag 
agctcaagtc 
gacttggata 
tccatatcct 
tctctgggtt 
gtgtctctgg 
ttccccatgt 
gaaaattatg 
tcctcaggag 
aactccatgg 
ggctctattc 
caacagcagc 
aatccctatg 
tccatggaac 
gatcttgttg 
cagctgcaca 
ttgggcattc 
caaggccaag 
ccagcacagg 
aactctatga 
cgagccaaca 



accaataaaa 
tcaagatgag 
aattgccatg 
agcaggaaag 
ttgacaattt 
tacgtcaaat 
atgtatcttc 
aggcattgga 
aaaatgtcac 
atatcttaca 
atggagtttc 
tgttgatgaa 
agagatatga 
gggaagattt 
catttccatc 
atatagatac 
ggtgtattca 
atcaagaagc 
atggaactat 
atcgacatgg 
acccaaatcc 
gcggcatgag 
tggcagaccc 
tagcttcatt 
atgggctcaa 
atatcatgat 
ctgttgcagg 
ccagcagctc 
ctactctgtc 
caagtaaagt 
cagtggagag 
aggagagcag 
aaaaattact 
actcccccct 
tctcctcctc 
aagagaagca 
ccaagattac 
gaaatgttgt 
gatacctgct 
tggaaggagt 
aagagaaaga 
atctagatgc 
caaatggtag 
tgaaaagttc 
atagccctgt 
taccaaagca 
gctcaagtat 
actggggctt 
gaagaccagg 
ccacattgcc 
agcagatgct 
gccaagcagc 
aagtttctca 
ggccaccttc 
ctcttctcag 
ctgaacttgt 
aagcagcagt 
ggcctccaat 
tgaatcagat 
tcatgagacc 



ataaactgct 
tggattagga 
tgatactcca 
taaatatatt 
caatgtcaaa 
aaaagagcaa 
tacagggcag 
tggtttccta 
acaatacctg 
tgaagaagac 
ctggacaaat 
aacaccacat 
aacaatgcag 
gcaatcttgt 
aaaccctgag 
aaattcactg 
gagatttttt 
ttatcttaat 
agtgactgca 
ctttgtctca 
tgttggacaa 
tatgtcgcca 
tagcaccaca 
gacccctggg 
catgagtagc 
ttctcctcgt 
tgtgcactct 
tctcagtgcc 
atcaccaggc 
aagcaatcag 
ttcaatgtgt 
tgttgagggg 
gcagttactt 
agattcaagt 
tacatctgga 
ccggattttg 
tgcagaagcc 
caagcaggag 
ggacagggat 
ggacaataaa 
ccctaaaatt 
tattcttggt 
tcatctgggg 
acagtctgtg 
ttctgttggc 
acccatgttg 
gggtgggcca 
accaaactca 
aggagattat 
tcttcggtct 
tcaaatgagg 
agcatctaac 
tggcactcaa 
caacctggaa 
caacacagat 
caatcaggga 
aatgatggat 
gcaaggaggc 
gaaccagcaa 
ccggacaaac 



tgaacatcct 
gaaaacttgg 
ggacaaggtc 
gaagaattgg 
ccagataaat 
ggaaaaacta 
ggagttattg 
tttgtggtga 
caatataagc 
agaaaggatt 
gagacccaaa 
gatattctgg 
tgctttgccc 
atgatctgtg 
agctttatta 
agatcctcca 
agtctaaatg 
ggccatgcag 
cagacaaaaa 
acccacttcc 
gggattagac 
aaccaaggct 
gggcagatga 
ccaggcatgc 
cccccacatg 
aatcgtggga 
cccatggcat 
ctgcaagcca 
cccaaattgg 
gattccaaga 
cagtcaaata 
gcagagaatc 
acctgttctt 
tgtaaagaat 
ggagtatcct 
cacaagttgc 
actgggaaag 
cagctaagtc 
gatcctagtg 
atgagtcagt 
aagacagaga 
gatctgacta 
actaagcaac 
cagtctattc 
tcaagtcctc 
ggtgggaatc 
aaccgaaatg 
aaggccggca 
aatacttctt 
aatagcatac 
cctggtgaaa 
caactgggtt 
aataggcctc 
ggccagagtg 
gcgacaggcc 
caggcattag 
cagaaggcag 
tttcatcttc 
ggcaattttc 
acccccaagc 



ttgactggtt 
atccactggc 
ttacctgcag 
ctgagctgat 
gtgcgatttt 
tttccaatga 
ataaagactc 
atcgagaggc 
aagaggacct 
ttcttaagaa 
gacaaaaaag 
aagacataaa 
tgtctcagcc 
tggcacgccg 
ccagacatga 
tgaggcctgg 
atgggcagtc 
aaaccccagt 
gcaaactctt 
ttcagagaga 
cacctatggc 
tacagatgcc 
gtggagctag 
aatcaccatc 
ggagtcctgg 
gtccaaagat 
cttctggcaa 
tcagtgaagg 
ataactctcc 
gtcctctggg 
gcagagatca 
aaaggggtcc 
ctgatgaccg 
cttctgttag 
ctacatccaa 
tgcagaatgg 
acaccagcag 
ctaagaagaa 
atgcactctc 
gcaccagctc 
caagtgaaga 
gttctgactt 
aggtgtttca 
gtcctccata 
cagtaaaaaa 
caagaatgat 
tgactgtgac 
gaatggaacc 
tacccagacc 
caggtgcgag 
tccccatggg 
cctggcccga 
ttcttaggaa 
acgaaagagc 
tggaagaaat 
agcccaaaca 
gattatatgg 
agggacaatc 
ctctccaagg 
aacttagaat 
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3601 
3661 
3721 
3781 
3841 
3901 
3961 
4021 
4081 
4141 
4201 
4261 
4321 
4381 
4441 



gcagcttcag 
attgaaaatg 
ccagcagggt 
tcacttccga 
gcagcagcag 
cttcagccca 
cacaatgcca 
acaaccagat 
aatgggtccc 
ctcagaaatg 
gcagtttgcc 
tggtcacatg 
tgatcagaaa 
tgacactgca 
aggaccagct 



cagaggctgc 
gaaaacccta 
tttcttaatg 
caacagaggg 
cagcagcagc 
cctcctaatg 
caagctcctc 
ccagcctttg 
tcccagaatc 
aagggctggc 
caccagggga 
ggacagatga 
tactgctgac 
ctaggattat 
ttgagctcca 



agggccagca 
ctgctggtgg 
ctcaaatggt 
tggctatgat 
aacagcaaca 
tgactgcttc 
cgcaacagtt 
gtcgagtgtc 
ccatgatgca 
catcaggaaa 
atcctgcagt 
acatgaaccc 
atctctgcac 
tgggaaggaa 
tcaagggtat 



gtttttgaat 
tgctgcggtg 
cgcccaacgc 
gatgcagcag 
gcaacagcag 
ccccagcatg 
tccatatcaa 
tagtcctccc 
acacccgcag 
tttggccagg 
gtatagtatg 
catgcccatg 
caggacctct 
tcattgttcc 
tttaagtgat 



cagagccgac 
atgaggccta 
agcagagagc 
cagcagcagc 
caacagcagc 
gatgggcttt 
ccaaattatg 
aatgcaatga 
gctgcatcca 
aacagctcct 
gtgcacatga 
tctggcatgc 
taaggaaacc 
aggcatccat 
gtcatttgag 



aggcacttga 
tgatgcagcc 
tgctaagtca 
agcaacagca 
aaacccaggc 
tggcaggacc 
gaatgggaca 
tgtcgtcaag 
tctatcagtc 
tttcccagca 
atggcagcag 
ctatgggtcc 
actgtacaaa 
cttggaagaa 
cagga 
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LOCUS 

DEFINITION 
ACCESSION 
PID 

VERSION 
DBSOURCE 
KEYWORDS 
SOURCE 

ORGANISM 



REFERENCE 
AUTHORS 
TITLE 

JOURNAL 
MEDLINE 
REFERENCE 
AUTHORS 
TITLE 
JOURNAL 



COMMENT 
FEATURES 

source 



AAC51663 1417 aa PRI 12-AUG-1997 

receptor-associated coactivator 3 [Homo sapiens] . 
AAC51663 
g2318006 

AAC51663. 1 GI:2318006 
locus AF010227 accession AF010227.1 

human . 

Homo sapiens 

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; 
Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo. 

1 (residues 1 to 1417) 
Li,H., Gomes, P. J. and Chen, J. D. 

RAC3, a steroid/nuclear receptor-associated coactivator that is 
related to SRC-1 and TIF2 

Proc. Natl. Acad. Sci. U.S.A. 94 (16), 8479-8484 (1997) 
97385128 

2 (residues 1 to 1417) 
Chen, J. D., Li,H. and Gomes, P.J. 
Direct Submission 

Submitted (25-JUN-1997) Pharmacology and Molecular Toxicology, 
University of Massachusetts Medical School, 55 Lake Avenue North, 
Worcester, MA 01655-0126, USA 
Method: conceptual translation. 

Location/Qualifiers 
1. .1417 
/organism="Homo sapiens" 
/db__xref ="taxon : 9606" 
/cell_line="HeLa" 
Protein 1 . . 1417 

/product="receptor-associated coactivator 3" 
CDS 1..1417 

/gene="RAC3" 

/coded_by="AF010227 .1:86. .4339" 

/note="transcriptional coactivator with intrinsic->histone 
acetyltransf erase activity; member of the steroid/nuclear 
receptor-associated coactivator family which includes 
steroid receptor coactivator 1 (SRC-1), transcriptional 
intermediate factor 2 {TIF2), and receptor associated 
coactivator 3; similar to the mouse p300/CBP/co-integrator 
protein (p/CIP) and the activator of retinoid receptors 
(ACTR) " 



ORIGIN 



1 msglgenldp lasdsrkrkl pcdtpgqglt csgekrrreq eskyieelae lisanlsdid 

61 nfnvkpdkca ilketvrqir qikeqgktis ndddvqkadv sstgqgvidk dslgplllqa 

121 Idgflfvvnr eanivfvsen vtqylqykqe dlvntsvyni Iheedrkdfl knlpkstvng 

181 vswtnetqrq kshtfncrml mktphdiled inaspemrqr yetmqcfals qprammeege 

241 dlqscmicva rrittgertf psnpesfitr hdlsgkvvni dtnslrssmr pgfediirrc 

301 iqrffslndg qswsqkrhyq eaylnghaet pvyrfsladg tivtaqtksk ifrnpvtndr 

361 hgfvsthflq reqngyrpnp npvgqgirpp magcnssvgg msmspnqglq mpssraygla 

421 dpsttgqmsg aryggssnia sltpgpgmqs pssyqnnnyg Inmsspphgs pglapnqqni 

481 misprnrgsp kiashqfspv agvhspmass gntgnhsfss sslsalqais egvgtsllst 

541 Isspgpkldn spnmnitqps kvsnqdsksp Igfycdqnpv essmcqsnsr dhlsdkeske 

601 ssvegaenqr gpleskghkk llqlltcssd drghssltns pldssckess vsvtspsgvs 

661 sstsggvsst snmhgsllqe khrilhkllq ngnspaevak itaeatgkdt ssitscgdgn 

721 vvkqeqlspk kkennallry lldrddpsda Iskelqpqve gvdnkmsqct sstipsssqe 

781 kdpkiktets eegsgdldnl dailgdltss dfynnsissn gshlgtkqqv fqgtnslglk 

841 ssqsvqsirp pynravslds pvsvgssppv knisafpmlp kqpmlggnpr mmdsqenygs 

901 smggpnrnvt vtqtpssgdw glpnskagrm epmnsnsmgr pggdyntslp rpalggsipt 

961 Iplrsnsipg arpvlqqqqq mlqmrpgeip mgmganpygq aaasnqlgsw pdgmlsmeqv 

1021 shgtqnrpll rnslddlvgp psnlegqsde ralldqlhtl Isntdatgle eidralgipe 

1081 Ivnqgqalep kqdafqgqea avmmdqkagl ygqtypaqgp pmqggfhlqg qspsfnsmmn 

1141 qmnqqgnfpl qgmhpranim rprtntpkql rmqlqqrlqg qqflnqsrqa lelkmenpta 

1201 ggaavmrpmm qpqqgflnaq mvaqrsrell shhfrqqrva mmmqqqqqqq qqqqqqqqqq 

12 61 qqqqqqqqqt qafspppnvt aspsmdglla gptmpqappq qfpyqpnygm gqqpdpafgr 
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1321 vssppnamms srmgpsqnpm mqhpqaasiy qssemkgwps gnlarnssfs qqqfahqgnp 
1381 avysmvhmng ssghmgqmnm npmpmsgmpm gpdqkyc 
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